The study examined 
Introduction
The global fish supply from both capture fisheries and aquaculture was put at 167.2 million tonnes in 2014, with 146.3 million tonnes used for human consumption and providing an estimated apparent food fish per capita supply of about 20.1 kg (live weight equivalent). The contribution of aquaculture to world fish supply reached an alltime level of 73.8 million tonnes in 2014 representing 44.14% of global fish production; FishstatJ, 2017 Aquaculture, the farming of aquatic organisms, including fish, molluscs, crustaceans and aquatic plants, is often cited as one of the means of efficiently increasing fish production in low-income, food-deficit countries. Aquaculture production has experienced a steady growth in Nigeria since the year 2000. With an output level of 24,398 metric tonnes in 2001, production reached a level of 313,231 metric tonnes in the year 2014 (Table, 1 ). Food and Agriculture Organisation estimates revealed that the catfishes Clarias gariepinus, Clarias species and, Clarias-Heterobranchus hybrid appear to be the dominant cultured fish species in Nigeria, as they accounted for 61.4% of total aquaculture production in the year 2007 (FAO, 2009). The preference of farmers to culture catfish may be due to their better growth performance and survivability (Adeogun, et. al. 2008) , as well as a better market value that is two to three times that of tilapia (Olagunju, et. al. 2007 ). The level of aquaculture production appears to be rather low, giving the declining yield of natural fish stocks due to over-exploitation and climate change, coupled with the annual huge loss in foreign exchange to fish importation. Given the present scenario, fish farming, especially catfish farming still holds the greatest potentials to rapidly boost domestic fish production and place the nation on the part towards self-sufficiency in fish production (Ugwumba, 2005; Inoni, 2007 
Statement of Problem
Fish farming is a major component of the agricultural production system in Delta State because of the abundant land and water resources that can support the cultivation of both marine and freshwater fish species. The prevailing hydrographic conditions have thus made fish farming a thriving agribusiness investment for small-scale fish farmers in the State.
Although a number of studies may have been carried out on the economics and profitability of fish farming in many States in Nigeria including Delta State, not many such studies have focused on the profitability and technical efficiency in catfish production at the homestead level in the central agricultural zone of Delta State. This is the gap that this study is conceived to fill. The specific objectives of this study therefore are to describe the socio-economic characteristics of catfish farmers; assessed the profitability as well as determine technical efficiency in homestead catfish production.
Empirical Literature on Profitability and Efficiency of Catfish Production
Ogundari and Ojo (2009) in a study of income generation potential and resource-use efficiency of 120 aquaculture farms in Oyo state Nigeria, reported that fish farms were quite profitable based on the average gross margin of N 207, 000.00 per annum. According to them resources were efficiently utilised with a mean technical efficiency of 81%. The results also revealed that extension contact, level of education, stocking density, and access to credit were the factors that significantly influenced the level of technical efficiency of the fish farms. The authors recommended that policy variables such as extension, education, and credit identified in the study as important determinants of technical efficiency of the farms should strengthen for sustainable fish production in the State.
In another study on 'economic analysis of homestead fish production in Ogun State Nigeria', Olawumi, Dipeolu and Bamiro (2010) examined determinants of revenue and found that pond size, quantity of fish seeds stocked, labour in feeding and harvesting as well as the poultry waste are the major determinants of the revenue that accrued to homestead fish farmers. The study concluded that policy variables such as pond size, labour and fingerlings that influence the revenue from fish farming should be strengthened for sustainable fish production to be attained in the study area.
The report by Ugwumba and Chukwuji (2010) seemed to confirm the profitability of catfish farming Using data obtained from a cross section of 204 catfish farmers in Anambra State, they found net returns on investment of 0.61 while fish feeds constituted over 70% of the total cost of production. Cost of feeds had a negative and significant effect on profitability while output price exerted a positive significant influence. High cost of feeds, lack of capital, scarcity of fingerlings, lack of modern technologies, high cost of transportation, high cost of labour, lack of land, poaching, inadequate water supply, mortality of fish and lastly poor storage facilities were ranked the most serious constraints to catfish production. The authors recommended that government policies should support the establishment of mills that can produce pelleted and floating feeds, modern hatcheries, and provision of credit facilities as well as intensification of fisheries extension services to farmers.
Using translog form of stochastic frontier production function in an empirical analysis of efficiency of resource-use among rural fish farmers in Rivers State, Nigeria, Onoja and Achike (2011) reported that fish farms had a mean technical efficiency of 71% with farm area and water supply system as significant determinants of technical efficiency. The study concluded that the productivity of factors can be improved by culturing high quality fingerlings, training farmers on current techniques of fish farming as well as optimal utilization of quality feeds.
Materials and Methods

Sampling Procedure and Data Collection
The Delta Central Agricultural zone was chosen for the study because it has abundant land and water resources that can support the production of freshwater fish species. In fact, the prevailing hydrographic conditions of the area have made fish farming a thriving agribusiness investment for small-scale fish farmers. The Delta Central agricultural zone of the State comprised ten (10) local government areas (LGAs); Udu, Uvwie, Okpe, Isoko North, Isoko South, Sapele, Ethiope West, Ethiope East, Ughelli North and Ughelli South.
Multi-stage sampling procedure was used to draw samples for the study. Out of the ten (10) local government areas (LGAs) that comprised the Delta Central Agricultural zone, five (5) LGAs of Isoko South, Ughelli North, Uvwie, Ethiope East, and Isoko North were randomly drawn using simple random sampling technique Secondly, two major fish farming communities were randomly selected from each of the 5
LGAs earlier chosen. Thus, a total of 10 communities were covered in the survey. Finally, 20 homestead catfish producers were drawn from each of the 10 communities to give a total sample size of 200 homestead catfish farmers sampled in the study.
Primary data for the study were obtained from a cross-section of homestead catfish farmers using a structured questionnaire. Location of fish farmers were obtained from dealers of fish feeds and feed ingredients in the area as well as catfish farmers earlier identified by the researchers. These were complemented with information obtained from Agricultural Officers in the selected LGAs. However due to non-response and inadequate information, thirty-eight (38) copies of the questionnaire were discarded, and data from only 162 respondents were used for the analysis. Data collected included social characteristics of the catfish farmers such as age, sex, marital status, household size, educational level, and fishing experience; types and quantity of inputs used, pond size, output of fish, input and output prices, fish sales, production period, and labour utilization. 
Stochastic Frontier Model Specification
The stochastic frontier model proposed by Aigner et al. (1977) Coelli (1996) was used to determine technical efficiency in homestead catfish production.The model has been widely used to study farm level efficiency and sources of inefficiency inherent in agricultural production processes (Coelli et al., 2005) .
According to Greene (2008) , a general stochastic production frontier model can be specified as:
. and is constrained to be between zero and one in value. If u j equals zero, then TE equals one, and production is said to be technically efficient. Technical efficiency of the ith firm is therefore a relative measure of its output as a proportion of the corresponding frontier output. A firm is technically efficient if its output level is on the frontier, which implies that q/q* equals one in value.
The Cobb-Douglas form of the stochastic frontier production model is stated explicitly as;
. A negative coefficient of () implies decrease in inefficiency while a positive implies an increase in inefficiency. Maximum Likelihood Estimation (MLE) method was used to estimate the parameters of the models with the aid of the computer program, FRONTIER 4.1c (Coelli, 1996) . likelihood ratio (LR) statistic was used to test the relevant hypotheses.
Profitability in Catfish Production
The budgetary analysis which involved the costs and returns analysis was used to determine the profitability or otherwise of homestead catfish production as follows;
. Gross Margin = TR -TVC Net Margin = GM -TFC But TR = PQ; and TC = TVC + TFC Where, is profit, TR is Total Revenue; TC is Total Cost; TVC is total Variable Cost; TFC is Total Fixed Cost; P is unit price of catfish (N); Q is output of catfish (kg).
Apart from the net margin, the net margin-to-total cost ratio was also computed to affirm whether homestead catfish production was indeed profitable in the study area.
Results and Discussion
Socio-economic Characteristics of Homestead Catfish Farmers
The socio-economic characteristics of catfish farmers (Table 2) revealed that although both men and women were actively involved in homestead catfish production in the study area, men were more dominant in numbers with 72% of male farmers. A number of socio-cultural factors limit women access to productive resources, external inputs and information (Doss and Morris (2001) . This may have resulted in the fewer number of women participating in homestead catfish production in the study area.
The age of fish farmers ranged between 27 to 68 years with a mean age of 49 years. In fact majority of them (66.6%) are within the age range of 41 to 61 years. The effect of age comes from accumulated knowledge and experience (Tenge et al., 2004 Operators of all the fish farms studied acquired some level of formal education. The modal educational status amongst the farmers was senior secondary education. Generally education is thought to create a favourable mental attitude for the Pond size is a very important factor in homestead fish production because it depends on the land area available for pond construction. Thus a number of potential investors in homestead fish farming are unable to do so because they do not have control over land that is around their home. Pond size ranged between 36m 2 and 150 m 2 , with an average of 83.43 m 2 . According to Doss and Morris (2001) farm size is the first and probably the most important determinant of participation in agricultural production. This is perhaps because farm size can affect, and in turn be affected by the other factors that influence the adoption of modern techniques of catfish production.
Costs and Returns in Catfish Production
The results of the costs and returns analysis in catfish production are shown in Table 3 . production. While labour cost constituted 45.95% fish feeds made up 31.42% of the variable costs of production. The net margin, which is total revenue less total cost of production was found to be N 48,175.37, implying that catfish production is profitable in the study area.
Also, the net margin/kg was 67.17. The results indicate that for every kilogramme of fish sold, the farmer earns a profit of N 67.17 on the average. The combined effects of low yield and high cost of production, particularly of variable costs components such as labour and fish feeds are implicated for the rather low net margin per kilogramme. Although the net margin per kilogramme revealed the level of profitability, it is not a very critical measure because it does not take into consideration the total cost incurred by the farmer to earn that margin.
The net margin-to-total cost ratio is another measure of profitability that was used to further ascertain the level of profitability of catfish farming at the homestead level.
The ratio was 0.29%. The implication of the result is that investment in homestead catfish production earned as high as 29% return on capital invested. That is for every 100 kobo invested, the farmer earned a profit of 29 kobo. Therefore, homestead catfish production is profitable in the study area.
In order to test whether there is no significant difference in profit between homestead fish farms of different size categories, two categories of pond sizes were designated using the average pond size of 83.43 m 2 as a cut-off point. Those farms with pond size ≤ 83m 2 were category 'A' while those ≥ 84m 2 were category 'B'. The results of the test of differences in average net margin showed that there was statistically significant difference in net margin at the 1% level of significance (Table 4) . That is ponds in category 'B' which were greater or equal to 84m 2 were significantly more profitable than those in category 'A' that were smaller in sizes. Therefore, significant difference in profit existed between homestead fish farms of the different size categories. 
Technical Efficiency in Catfish Production
The results of the maximum likelihood estimates (MLE) of the stochastic production function used to determine the influence of specified inputs on catfish output as well as the effects of farmers' socio-economic characteristics on technical inefficiency are presented in Table 5 . All the variables have positive and significant effects on catfish output. This implies that an increase in the use of these production inputs would raise output in homestead catfish production. The elasticity estimates which give an indication of how much fish output will vary as a result of a variation in a specified independent variable, while holding all others constant, revealed that pond size had the dominant influence with a value of 1.16; while the elasticity estimates for labour, feeds, and fingerlings were 0.21, 0.24, and 0.63 respectively. The results indicated that a 10% increase in pond size will lead to 11.6% rise in catfish output, while a concomitant change in labour, feeds, and fingerlings cause a 2.1%, 2.4% and a 6. The return to scale (RTS) of the farm firms (Table 6) , which is the sum of the elasticities of production, was computed to be 2.24. It revealed that catfish farms exhibited increasing return to scale. The RTS implies that if all the inputs are jointly increased by 1%, output will increase by 2.24%. This result is similar to those of Ogundari and Ojo (2009) and Onoja and Achike (2011) who reported the existence of increasing returns to scale in catfish production in Oyo and River States of Nigeria, respectively. 
Determinants of Technical Inefficiency
The results of the technical efficiency of catfish production in the study area are also shown in lower segment of Table 5 . The sigma squared) is an indication of the goodness of fit of the model applied as well as the correctness of the specified distributional assumption of the composite error term. It was statistically significant at 1% level. The gamma estimate ( =0.70) indicated that 70% variation in output in catfish production in the Delta Central agricultural zone, of Delta State is due to technical inefficiency, rather than random variability. Therefore, the hypothesis which stated that there are no inefficiency effects in the stochastic frontier model for catfish production is rejected ( Table 7 ). The presence of inefficiency in catfish production in the area is corroborated by the range of estimated technical efficiency (TE) in the study which ranged from 0.28 -0.96 with a mean of 0.87 (Table 8 ). The mean TE implies that 13% of output of catfish in an average farm is lost due to inefficiency in the production process. The results of the determinants of inefficiency are also shown in Operators who spent more years in school acquiring formal education are more likely to carry on production operations more efficiently in catfish farming than their less educated counterparts. This result is in consonance with Girei, et al. (2013) . Access to credit also exerted a significant influence on TE in homestead catfish production. The result indicated that individuals who have access to credit are more technically efficient in production because of the ready availability of credit to procure resources needed to carry out farm operations as soon as the need arises. Therefore, the hypothesis that stated that there was no technical inefficiency in catfish production is rejected.
In order to test whether there is no significant difference in technical efficiency between homestead catfish farms of different size categories, two categories of pond sizes were designated using the average pond size of 83.43 m 2 as a cut-off point. Those farms with pond size ≤ 83m 2 were category 'A' while those ≥ 84m 2 were category 'B'. The results of the test of differences in mean TE showed that there was no significant difference in TE between farms in the two size categories (Table 9 ). 
Conclusions
This study examined the profitability and resource use efficiency in homestead catfish production in the central agricultural zone of Delta State, Nigeria. The study adopted budgetary analysis and stochastic frontier production (SFP) analysis to achieve the stated objectives. The results showed that catfish production was profitable with a net margin/kg of 67.17; net margin/m 2 of 490.31 and a net margin-to-total cost ratio of 29%. The results of the SFP analysis indicated that all the independent variables; pond size, feeds, fingerlings and labour exerted positive and statistically significant effects on fish output in homestead catfish production. The technical efficiency (TE) of homestead catfish farms ranged from 28% to 96% with an average of 87%. Further analysis indicated that household size had a positive and significant influence on inefficiency, while age of the farmer, level of formal education and access to credit had negative and significant effects on inefficiency. Thus these farmer specific characteristics have the capacity to increase technical efficiency in fish production at the homestead level. The returns to scale value of 2.26 implied increasing returns to scale and that homestead fish production is within stage I of the total production curve. This is an indication that catfish production holds great potentials for increased productivity in the area. Although catfish production was found to be profitable, the factors that were implicated for the inefficiency in the production process should be improved upon in order to attain optimality in production. We therefore recommend that empowerment programmes of government and other development institutions should be targeted to training catfish farmers and prospective farmers to acquire requisite skills in pond fish management. Furthermore, credit schemes should be implemented to make short-term credit readily available to homestead fish producers to finance their operations. Homestead catfish producers should be encouraged to form cooperative societies in order to pull their resource together to help boost output and enhance household food security in both the urban and rural areas of Delta State, Nigeria.
